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CdAL PFXSSURIZATION AND FEEDING 
USE OF A LOCK HOPPER SYSTEM 
INTRODUCTION 
The SYNTHANE process  i s  a hiqh p ressure  coa l  g a s i f i c a t i o n  system developed 
by t h e  P i t t s b u r g h  Energy Research Center of t h e  U .  S. Energy Research and 
Development Adminis t ra t ion (E.R.D.A.), formerly a  p a r t  of t h e  U.  S. Bureau 
of Mines. I t  was designed t o  conver t  bituminous c o a l ,  subbituminous c o a l  
and l i g n i t e  i n t o  a  s a t i s f a c t o r y  s u b s t i t u t e  f o r  n a t u r a l  gas wi th  a  h e a t i n g  
value  of 959 BTU's  per  cubic  f o o t .  A 72  t o n  per  day SYFTHANE P i l o t  P lan t  
has  been cons t ruc ted  i n  South Park Township near P i t t s b u r g h ,  Pennsylvania.  
A necessa ry  pre l iminary  s t e p  i n  h igh p ressure  c o a l  g . i s i f i c a t i o n  p rocesses  
is t o  t ake  ground c o a l  a t  atmospheric p ressure  and feed i t  t o  the  g a s i f i c a -  
t i o n  system a t  o p e r a t i n g  p ressure .  For reasons t h a t  a r e  not  p e r t i n e n t  t o  
t h i s  r e p o r t  a  d e c i s i o n  was made t o  use  lock hoppers a t  SYNTHANE. According- 
l y ,  a p r o p r i e t a r y  system was purchased from Pe t r o c a r b ,  Incor?orated.  This 
system was designed t o  feed c o a l  a t  p ressures  up t o  1000 p s i g  a t  r a t e s  of 
1.67 t o  5.0 tons  per hour. 
This r e p o r t  w i l l  d i s c u s s  some of t h e  s p e c i f i c  problems exper ienced wi th  
the  opera t ion  a f  the  Pe t roca rb  system a t  t h e  SYNTHANE P i l o t  P l a n t .  I t  
w i l l  a l s o  review t h e  modi f i ca t ions  made t o  improve i t s  performance. 
The SYNTHANE g a s i f i e r  has been opera ted  p e r i o d i c a l l y  from J u l y ,  1976 t o  
t h e  p resen t  t ime (January 31, 1977). During t h i s  p e r i ~ d  more than  750 tons  
of c o a l  have been fed t o  i t  through t h e  Pe t roca rb  system. Inc lud ing  
f u n c t i o n a l  t e s t s ,  t h i s  r e p r e s e n t s  approximately 1090 c y c l e s  on t h e  s i n g l e  
t r a i n  and 500 cyc les  on t h e  d u a l  t r a i n  por t ions  of t h e  system. 
After  an  i n i t i a l  t e s t l n g  and shakedown per iod t h e  performance of t h e  
Pet rocarb  u n i t  is considered s a t i s f a c t o r y .  With c e r t z i n  l i m i t a t i o n s  i t  can 
be depended upon t o  feed c o a l  t o  t h e  g a s i f i e r  w i t h i n  t h e  des ign feeu range.  
For a  system of t h i s  degree of mechanical complexity, maintenance is reason- 
ab le .  
Major problems encountered dur ing  t h e  i n i t i a l  t e s t i n g  and o p e r a t i o n  have 
been e l iminated.  3 r i e f  i n t e r r u p t i o n s  of  c o a l  feed w i l l  probably con t inue  
t o  occur  occas iona l ly  due t o  t h e  d i f f i c u l t y  of completely e l i m i n a t i n g  
minor breakdowns . 
DESCRIPTlON OF SYSTEM 
- 
The sys tem c o n s i s t s  o f  2 weigh hopper ,  two l o c k  hoppers  ( s t o r a g e  i n j e c t o r s ) ,  
a  f eed  hopper  (pr imary  i n j e c t o r ) ,  i n t e r c o n n e c t i n g  p i p i n g ,  v a l v e s ,  i n s t r u -  
ments and c o n t r o l s ,  a l l  f u r n i s h e d  by P e t r o c a r b ,  I n c o r p o r a t e d  ( s e e  Appendix 
A-1, Drawing E438-A-037 Rev. 6 ) .  I t  is des igned  f o r  au toma t i c  o p e r a t i o n  
and o p e r a t e s  on a demand b a s i s  t r i g g e r e d  by a  low l e v e l  probe  i n  t h e  primary 
i n j e c t o r .  The sys t em may a l s o  b e  o p e r a t e d  i n  a  uianual mode. 
Coal e n t e r s  t h e  sys t em a t  a tmosphe r i c  p r e s s u r c  from t h e  p u l v e r i z e d  c o a l  
s t o r a g e  b i n  (FE-103). Batches  o f  up t o  2539 pounds d r o p  by g r a v i t y  t o  t h e  
weigh hopper  (FE-1Cl6). The weigh hopper  is mounted on  load  c e l l s  and 
weighs each b a t c l ~  and t!len a l l o w s  i t  t o  f a l l  through open  v a l v e s  i n t o  a n  
empty l o c k  hopper  (FE-104A o r  B). The l o c k  bopper  is then  i s o l a t e d  by c l o s i n g  
t h e  i n l e t  v a l v e s .  P r e s s u r i z i n g  g a s  (SYKTHANE uses  C 0 2 )  i s  i n t r o d u c e d  i n t o  t h e  
l o c k  hopper  t o  r a i s e  i t s  p r e s s u r e  t o  e q u a l  t h a t  o f  t h e  p r e s s u r i z e d  f e e d  hopper  
(FE-105). Vzlves below t h e  f u l l  l o c k  hopper  t h e n  open t o  s l l o w  t h e  b a t c h  t o  
f a l l  by g r a v i t y  i n t o  t h e  p r e s s u r i z e d  f e e d  hoppe;. ?'in< empty l o c k  hopper  is  
a g a i n  i s o l a t e d  by c l o s i n g  t h e  o u t l e t  v a l v e s .  The gas is cross-vented  t o  tile 
second l o c k  hopper  which is a t  a tmosphe r i c  p r e s s u r e  and h a s  now b e e r  charged  
w i t h  c o a l .  When t i le  p r e s s u r e s  of  t h e  two l o c k  hoppe r s  have e s s e n t i a l l y  
e q u a l i z e d  t h e  c r o s s - p r e s s u r i z a t i o n  v a l v e s  a r e  c l o s e d  and t h e  remain ing  gas  i n  
t i le  empty l o c k  hopper  is vented .  A d d i t i o n a l  gas  i s  t h e n  pumped i n t o  t h e  f u l l  
l o c k  hopper  t o  r a i s e  i t  t o  sys t em p r e s s u r e  and t h e  c y c l e  is r e p e a t e d  u s i n g  
a l t e r n a t e  l ~ c k  hoppers .  The c r o s s - p r e s s u r i z a t i o n  p rocedure  r educes  t h e  t o t a l  
amount o f  gas  needed t o  p r e s s u r i z e  a  l o c k  hopper  b u t  some g a s  is unavoid- 
a b l y  wasted.  
When c o a l  f e e d  t o  t h e  g a s i f i e r  i s  r e q u i r e d ,  t h e  primary i n j e c t o r  d i s c h a r g e  
v a l v e  (XCV-26) is opened and c o a l  f lows  c o n t i n u o u s l y  from t h e  pr imary  i n j e c -  
t o r  i n t o  t h e  c o a l  conveying  l i n e  t o  t h e  g a s i f i e r .  Carbon d i o x i d e  i s  used 
a s  t h e  conveying  medium. Ths  c o a l  f eed  r a t e  f o r  dnv g i v e n  t r a n s p o r t  l i n e  
v e l o c i t y  is c o n t r o l l e d  by v a r y i n g  t h e  p r e s s u r e  d i f f e r e n t i a l  between t h e  
pr imary  i t ~ j e c t o r  and t h e  g a s i f i e r .  Carbon d i o x i d e  r e q u i r e d  t o  m a i n t a i n  t h e  
sys t em p r e s s u r e  e n t e r s  t h e  pr imary  i n j e c t o r  th rough n o z z l e s  l o c a t e d  j u s t  
above t h e  d i s c h a r g e  va lve .  These gas  i n l e t  n o z z l e s  a r e  des igned  t o  keep  t h e  
c o a l  p a r t i a l l y  f l u i d i z e d  and c o n t i n u o u s l y  f lowing .  Coal  flow may b e  s t o p p e d  
a t  any t ime by c l o s i n g  t h e  pr imary  i n j e c 2 o r  d i s c h a r g e  v a l v e .  
EXPERIENCES 
P r e s t a r t u p  
The sys t em was i n s t a l l e d  a t  SYNTHANE d u r i n g  1974 b u t  t e s t i n g  was n o t  s t a r t e d  
u n t i l  J u l y ,  1375. Poor s t o r a g e  p r a c t i c e s  d u r i n g  c o n s t r u c t i o n  and t h e  amount 
o f  time t h e  sys t em remained i d l e  b e f o r e  use  caused  many problems d u r i n g  t h e  
i n i t i a l  p r e s s u r e  t e s t i n g .  
Valvcs 
Valves have been more troublesome than any o t h e r  s i n g l e  component. Correc- 
t i o n  of valve  malfunctions i n  t h e  Petrocarb system has requ i red  more time 
and e f f o r t  than any o t h e r  problem. 
With one o r  two except ions  a l l  valves  i n  the  Petrocarb system a r e  b a l l  
valves.  Due t o  the  experimental  na tu re  of t h e  p l a n t  va r ious  m a t e r i a l s  were 
s p e c i f i e d  f o r  t h e  b a l l s  used i n  t h e  Petrocarb valves .  The most p reva len t  
m a t e r i a l  used is 440C s t a i n l e s s  s t e e l  bu t  some b a l l s  were coated w i t h  
tungsten ca rb ide  (LW-IN40) o r  ceramic (LC-4). The l a r g e r  6 inch and 8 inch  
valves were a l l  hard  face  coated and have no t  been a problem. The s m a l l e r  
2 inch through 4 inch gas handl ing valves  have b a l l s  of 111 t h r e e  m a t e r i a l s .  
For valves  o f  t h i s  s i z e  w e  have ob ta ined  30 b e t t e r  s e r v i c e  with t h e  hard 
face  coated b a l l s  and have t h e r e f o r e  s t andard ized  on t h e  cheaper 440C s t a i n -  
l e s s  s t e e l  f o r  the  b a l l  ma te r ia l .  A l l  valve s e a t s  a r e  s t e l l i t e  on 316 
s t a i n l e s s  s t e e l  and show l i t t l e  o r  no wear ( see  Appendix A-2, Cutaway Valve 
Sketch) . 
During t h e  f i r s t  p ressure  t e s t  numerous valves  leaked and s e v e r a l  would no t  
r o t a t e .  Inspec t ion  showed t h a t  t h e s e  valves  were obs t ruc ted  w i t h  const  ruc- 
t i o n  d e b r i s  o r  t h e  b a l l s  and s e a t s  were f rozen i n  p lace  due t o  c o r r o s i o n  o f  
t h e  steel bodies  caused by moisture.  A l l  t hese  valves  were remnved and made 
s e r v i c e a b l e  by c lean ing ,  r e lapp ing  o f  b a l l s  and s e a t s  o r  r e p l a c i n g  badly 
corroded b a l l s  and s e a t s .  
Methods of reducing t h e  cor ros ion  of t h e  carbon s t e e l  valve  bodies  have been 
inves t iga ted .  I n  conjunct ion wi th  t h e  valve  manufacturer t h r e e  olethods have 
been suggested and a r e  being considered: (1) va lve  bodies  can be produced 
of a m a t e r i a l  less s u s c e p t i b l e  t o  cor ros ion ,  such a s  s t a i n l e s s  s t e e l ,  ( 2 )  
bodies can be e l e c t r o l e s s  n i c k e l  coated o r  (3) a n  i n t e r n a l  body s l e e v e  can 
be i n s t a l l e d  i n  a c r i t i c a l  a rea .  
It has  been determined t h a t  h igh gas v e l o c i t i e s  and rap id  valve  a c t u a t i o n  
i n  ven t ing  and c ross -pressur iza t ion  s e r v i c e  caused many valve  malfunct ions .  
Phenomena such as s p r i n g  r e t a i n e r  wear and deformation,  a x i a l  b a l l  and s tem 
~ ~ v e m e n t ,  r e t r a c t i o n  and cocking o f  s e a t s ,  a l l  o f  which c o n t r i b u t e  t o  valve  
leakage,  can be a t t r i b u t e d  t o  t h e  above f a c t o r s .  
Actuator speeds were appreciably  reduced. The valves  were i n i t i a l l y  open- 
ing  o r  c l o s i n g  i n  l e s s  than two seconds. This t ime f a c t o r  h a s  now been in- 
creased t o  1 0  t o  15 seconds f o r  a l l  t h e  valves  i n  ques t ion .  Vent o r i f i c e  
diameters have been reduced and o r i f i c e s  have been r e l o c a t e d  darn  s t ream 
of the  vent valves .  A f t e r  t h e s e  two changes were made most problems wi th  
these  va lves  have been e l iminated.  
Wo s e p a r a t e  f a i l u r e s  o f  s h a f t s  t w i s t i n g  o f f  t h e  b a l l s  have occurred.  
I n i t i a l  i n v e s t i g a t i o n  i n d i c a t e d  a c rack  s t a r t e d  a t  t h e  r o o t  o f  a sharp  cor- 
ner  and may have been deepened by cor ros ive  a t t a c k .  Subsequent a d d i t i o n a l  
t o r s i o n a l  loads  app l ied  by t h e  a c t u a t o r  i n  r o t a t i n g  t h e  b a l l  u l t i m a t e l y  
caused f a i l u r e .  
A t  t h e  time the  Pe t roca rb  system was purchased i t  was f e l t  t h a t  valve  f a i l -  
ures  due t o  e r o s i o n  might be  f requen t ,  causing de lays  i n  p l a n t  opera t ion .  
An i n v e s t i g a t i o n  was conducted i n t o  s t a t e -o f - the -a r t  va lves  and new and 
novel valve d e s i g n a i l .  However, a f t e r  seven months of o p e r a t i o n  and a sys tem 
throughput of o v e r  750 tons  o f  c o a l  t h e r e  have been no va lve  f a i l u r e s  due t o  
e ros ion .  The perEormance of  t h e  6 inch and 8 inch c o a l  hand l ing  valves  has  
been p a r t i c u l a r l y  s a t i s f a c t o r y .  This can probably b e  a t t r i b u t e d  to :  (1) the  
f a c t  t h a t  t h e s e  va lves  a r e  purged wi th  CO b e f o r e  opening and c l o s i n g  and 
(2) the  valves  open and c l o s e  a g a i n s t  no 8 i f f e r e n t i a l  p ressure .  
Other system modi f i ca t ions  have been made i n  an  e f f o r t  t o  improve opera t ion .  
Piping conf igura t ions  have been changed t o  e l i m i n a t c  a r e a s  where mois ture  
can condense and be trapped.  I s o l a t i o n  va lves  were i n s t a l l e d  i n  t h e  vent  
l i n e s  t o  s e p a r a t e  t h e  two lock hoppers.  I f  one lock  hopper system f a i l s ,  i t  
csn  now be i s o l a t e d  and repa i red  whi le  the  o t h e r  l o c k  hopper is s t i l l  
opera t ing .  
Electro-Mechanical Components 
The Pe t roca rb  system r e q u i r e s  numerous p ressure  swi tches  , r e l a y s  and micro- 
swi tches  t o  func t ion ,  p a r t i c u l a r l y  i n  an  automat ic  sequencing mode. We have 
been unable t o  o p e r a t e  t h i s  system c o n s i s t e n t l y  i n  an  automat ic  sequencing 
mode because of f r equen t  malfunct ions  o f  t h e  mechanical o r  e l e c t r i c a l  com- 
ponents. On occas ion,  only one t r a i n  of  lock hoppers has  been used. The 
f a c t  t h a t  t h e  system i s  capable of continued s e r v i c e  i n  s p i t e  of component 
malfunctions is considered a n  advantage.  
I n i t i a l l y ,  ind iv idur '  ba tch weights  o f  c o a l  i n  t h e  weigh hopper were in-  
a c c u r a t e  and inzons i -  cent  because t h e  load  c e l l s  were very s e n s i t i v a  and were 
a f f e c t e d  by many physical  i a c t o r s .  Adjustments t o  t h e  load c e l l s  and re- 
v i s i o n  t o  suppor t s  of  p i p i n g  and v e s s e l s  co r rec ted  the  problem. Accurate and 
r e p e t i t i v e  weights a r e  now r e g u l a r l y  obta ined.  
The weight t o t a l i z e r z l  h a s  not  funct ioned proper ly .  This may be  due t o  
e l e c t r i c a l  i n t e r f e r e n c e s  because of  t h e  u n i t ' s  l o c a t i o n .  Arc suppressors  
have been i n s t a l l e d  i n  an  e f f o r t  t o  e l i m i n a t e  t h i s  I n  a d d i t i o n ,  
batch weights a r e  now be ing  t o t a l i z e d  by t h e  d a t a  a c q u i s i t i o n  computer. 
11 A cons ide rab le  amount of informat ion was ob ta ined  and s e v e r a l  valves  
- 
were purchased and a r e  on hand. A s e p a r a t e  r e p o r t  on t h i s  s u b j e c t  
w i l l  be i s sued  i n  t h e  nea r  f u t u r e .  
2 1  T o t a l i z e s  and i n d i c a t e s  t h e  t o t a l  weight of  i ~ d i v i d u a l  weigh hopper 
- 
batches .  
31 A t  t h e  t ime of  t h i s  w r i t i n g  t h e s e  r e v i s i o n s  have not  been t e s t e d .  
- 
Operat ions 
This system was designed t o  feed dry ground c o a l  t o  the  g a s i f i e r .  Opera- 
t i o n  has been i n t e r r u p t e d  frequent!.) by two r e c u r r i n g  p r ~ b l e m s ,  both  of  
which cduse plugging of t h e  d i scharge  v e n t u r i  below t h e  primary i n j e c t o r .  
(a) Foreign Mater ia l .  Although t h e  v e s s e l s  were o r i g i c a l l y  c leaned 
dur ing s t a r t - u p  o p e r a t i o n s ,  cons t ruc  t ior ,  and maintenance d e b r i s  has  
continued t o  comc through, lodging i n  t h e  v e n t u r i  and i n t e r r u p t i n g  
coal  flow. A s c r e e n  was i n s t a l l e d  i n  t h e  weigh hopper i n  an  e f f o r t  
t o  c o r r e c t  t h i s  problem. 
(h) Wet Coal. This problem has  been e l imina ted  by d i sconnec t ing  t 5 e  
Pet rocarb  vent from a common vent l i n e  to  t h e  thermal o x i d i z e r .  This 
vent was o r i g i n a l l y  shared by Pe t roca rb  and t h e  f l u i d i z i n g  steam dis-  
charge from t h e  chdr coo le r .  I t  was found t h a t  steam f  r c l m  t h e  char  
coo le r  en te red  t h e  lock hoppers and t h e  dry co?? s t o r a g e  b i n  through 
t h e  vent valves  and condensed i n  t h e s e  v e s s e l s ,  w e t t i n g  t h e  c o a l .  A 
s e p a r a t e  l i n e  from t112 Pe t roca rb  system t o  t h e  thermal o x i d i z e r  is 
being i n s t a l l e d .  
This system was designed t o  feed coal  a t  a maximum r a t e  of f i v e  tons pe r  
hour wi th  a  t u r n  down r a t i o  of  3 t o  1. To d a t e ,  we have been unable t o  
achieve t u r n  down r a t e s  below 2-112 t.o 1, o r  ~pprox imatc - ly  t \ ~ o  tons  per 
hour. Rates i n  t h e  2 t o  5 tons per  hour range have genera l ly  been found 
t o  be  reproduc ib le  and r e l i a b l e .  Rates below two tons  per  hour have been 
e r r a t i c .  The c u r r e n t  range is adequate  f o r  Fbntana subbituminous c o a l .  
iiowever, when o p e r a t i n g  wi th  caking c c a l s  r e q u i r i n g  p re t rea tment ,  lower 
feed r a t e s  such a s  1-1/2 tons  p e r  hour may be requ i red .  Discuss ions  were 
undertzken wi th  Pe t roca rb ,  Inc. t o  determine what chaages might be  necessary  
t o  achieve lower r a t e s .  P e t r o c a r b ' s  p o s i t i o n  i s  t h a t  a  f eed  r a t e  of 1.67 
tons  per hour should  be a t t a i n a b l e  wi th  t h e  p resen t  system. A t  feed r a t e s  
below two tons  p e r  hour wide f l u c t u a t i o n s  i n  t h e  f l u i d i z i n g  gas t o  t h e  
primary i n j e c t o r  have been noted.  Pet rocarb  f e e l s  t h i s  may be I i m i t i n g  che 
t u r n  down r a t i o .  They have suggested improving t h e  cnr l t ro l  of t h i s '  f l u i d -  
i z i n g  gas and recommended f i n e  tun ing  of t h e  va r ious  c o n t r o l  ins t ruments  
involved.  
FEATURES OF T!1E SYSTEM 
The Petrocarb  system feeds  dry ground c o a l  by e n t r a i n i n g  i t  i n  a  p r e s s u r i z e d  
t r a n s p o r t  gas stream. I n  t h e  g a s i f i c a t i o n  u n i t  t h e  c o a l  can be s e p a r a t e d  
from t h e  t r a n s p o r t  gas wi thout  any a d d i t i o n a l  energy i n p t t .  
When t h e  system is  o p e r a t i n g  i n  a n  automatic mode i t  r e q u i r e s  l i t t l e  opera to r  
a t t e n t i o n .  When o p e r a t i n g  i n  a  manual mode, some a d d i t i o n a l  o p e r a t o r  a t t e n -  
t i o n  i s  requ!.red. The f a c t  t h a t  i t  can be  run i n  a  m n u a l  mode i s  considered 
an advantage. 
P a r a l l e l  lock hopper t r a i n s  conserge on p r e s s u r i z i n q  gas and a l s o  provide  some 
redundancy a l lowing  f o r  cont inued operatio11 when one t r a i n  is  inoperab le .  
The Petrocarb  u n i t  co.~tail;s many e l e c t r i c a l  and mechanical components 
n e c e s s i t a t i n g  a  c o n t i n u a l  m i n t e n a n c e  e f f o r t .  When i n  t h e  stand-by mode, 
normally betweer. runs ,  d a i l y  c y c l i n g  of  va lves  and p r e s s u r e  t e s t i n g  of  
t h e  system b e f o r e  s t a r t - u p  is requ i red .  I f  kept  i d l e  f o r  longer  pe r iods  
of time a d d i t i o n a l  rechecking of  t h e  ins t rumenta t ion  is  a l s o  necessary  
t o  a s s u r e  r e l i a b l e  performance. 
For t h e  Pe t roca rb  u n i t  i n s t a l l e d  a t  SYNTHAW, w e  have been unable t o  f i n d  
a  means of ins tan taneous ly  measuring t h e  c o a l  flow r a t e .  Therefore ,  f sed  
r a t e s  a r e  ob ta ined  by averaging batch weights  over  a  pe r iod  of t ime.  
Coal flow r a t e s  a r e  no t  abso lu te ly  cons tan t  and a r e  e s t ima ted  t-o f l u c t u a t e  
a p ~ r o x i r n a t e l y  25%. 
As previously  d i scussed ,  c o a l  f eed  r a t e s  can b e  c o n t r o l l e d  w i t h i n  a  g iven 
range. The feed r a t e  range is  ! r i m a r i l y  a  func t ion  of t h e  p r e s s u r e  d i f f e r -  
e n t l a l  between t h e  primary i n j e c t o r  and t h e  g a s i f i c a t i o n  u n i t .  The r a t e  is 
c o n t r o l l e d  w i t h i n  t h e  des ign  limits by varying t h i s  p r e s s u r e  d i f f e r e n t i a l .  
Pet rocarb  has  s t a t e d  t h a t  t h e  b e s t  way t o  lower i n e  o p z r a t i n g  range and s t i l l  
r e t a i n  h igh s o l i d s  t o  gas r a t i o s ,  w i t h  a  redsonahla  l i n e  v e l o c i t y ,  i s  t o  
change t h e  l i n e  s i z e  i n  p re fe rence  t o  in t roduc ing  po in t  r e s t r i c t i o n s  o r  in-  
c r e a s i n g  gas flow. It  is  t h e r e f o r e  inconvenient  t o  change t h e  range because 
a  new diameter feed l i n e  would have t o  be i n s t a l l z d .  
This type  of  f eed ing  system consumes cons ide rab le  energy,  mostly i n  t h e  c o w  
press ion  of gas ,  a  s i g n i f i c a n t  p o r t i o n  of which is l o s t  through ven t ing ,  
leakage and passage c f  gas o u t  w i t h  t h e  coa l .  
Capab i l i ty  of scale-up is inheren t  i n  t h i s  cype of system. Larger  s i z e  com- 
ponents a r e  commercially a v a i l a b l e .  
90" operation - '14 turn wi th  manual lever. Gear 
o3erator. Pneumat~c, Electric, or  Hydraulic 
Actuators. 
Ball Stem. 
One Dlece ball and stem 
VUII ro r l .  
- Maxtmum flow at m:nimum 
pressure drop. 
Ball. Chrome. Nickel, or 
Stell~te surface lapped L agalnst the su~table seating 
material. 
10.800 psi and 1200°F 
Body and ball -In varlous 
materials suitable for up to 
Seats - metal or elastomer 
encased in the r ig~d  spool. 
Exceptional seallng unds: the 
most adverse condltlons. 
Trunnion Bearings. 
Permtt low optratlng- I 
torque snd exact 
ball alignment 
I 
Spring retainer-spr~ngs 
~ rov lde  pre-load to seal 
t~ghtly from vacuum to 
10.U00 GSI. Compensate for 
End connections - ava~lable seat wear 
In a var~ety of Unton Nut 
connectlons. Integral weld 
and flanged c?nds. 
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FIG. 2 SCHEMATIC FLOW DIAGRAM 
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